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ABSTRACT

A MODEL MATHEMATICS THINKING SKILLS CURRICULUM
FOR ELIZABETH BLACKWELL ELEMENTARYSCHOOL
IN SAMMAMISH, WASHINGTON, IN THE
LAKE WASHINGTON SCHOOL DISTRICT
by
Stacy S. Murphy
March, 2002

The purpose of this project was to develop a model Mathematics Thinking
Skills Curriculum for Elizabeth Blackwell Elementary in Sammamish,
Washington, in the Lake Washington School District, aimed at sixth grade
mathematics classrooms. To accomplish this purpose, a review of related
literature and research was conducted and utilized to develop unit and lesson
plans for a model mathematics thinking skills curriculum. Students were given
sample problems from the units and comparisons were made between teaching
mathematics with thinking skills and traditional methods. The results support the
hypothesis that mathematics concepts are better understood when combined
with thinking skills and the use of higher level questioning strategies.
Implications for using thinking skills in a mathematics program are discussed.

iii

TABLE OF CONTENTS
Chapter

Page

BACKGROUND OF THE PROJECT .................................... ..... 1
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Purpose of the Project ......... ..... ... ........... ....... .. .... .. ... .... 2
Limitations of the Project .............. ... ...................... ... ..... 2
Definition of Terms........ ... ....... .. .......... ... . ..... ..............
II

3

A REVIEW OF RELATED LITERATURE AND INFORMATION
OBTAINED FROM SELECTED SOURCES ....................... 6
Introduction ....... ........... ..... ... .... .... ...... .. ..... ......... .. ...... . 6
The Need for a Thinking Skills-Based Mathematics
Curriculum .............. .. ... .. ... . ......... ....... . ... ... .. ...... 7
The Thinking and Process Skills of Mathematics....... ........ 10
Best Practices in Teaching Mathematics............... ..........

13

Learning Mathematics.. ............ . ......... .. .......................

15

Washington State Essential Academic Learning
Requirements and National Standards... ................ 18
Assessment... ........ ... ... ..... ... ........ ..... .. .............. .... .. ... 20
Summary ... ...................... ..... ..... ..... ........................... 23
Ill

PROCEDURES OF THE PROJECT ............ ............................ 24
Need for the Project..... ...... ................... .. .... .. ....... .. ..... 24
Development of Support for the Project .............. ............. 26
Procedures..................................... ....... ......... .... ......

iv

26

Planned Implementation and Assessment
of the Project............................. ..................... .. 27
IV

THE PROJECT.... .......... .. ................................................... 28
Title Page ....... ..................... .... ..... ........... ......... ......... P1
Table of Contents ....... .............................. ....... ............ P2
Unit One: Introduction ............................... .......... ........ P4
Unit Two: Data and Probability .............. ........ ................ PS
Unit Three: Number and Operations ............. .................. P1 O
Unit Four: Measurement....................... ....................... P15
Unit Five: Geometry ............................. .... ... ..... ........... P20

V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS ...... .... 29
Summary .................. ................... ......................... ..... 29
Conclusions ............ .......... .... .. ... ....... .......... .... ... ... ..... 29
Recommendations. ..................................................... 30

REFERENCES....... ................................... ... ... ...... ...................... 32

V

ACKNOWLEDGEMENTS

I would like to thank the following people who have supported me
throughout my pursuit of my Master's Degree in Administration:
My husband, Tim, for the support and encouragement he gave me, as well
as the patience and pushing, when things got tough.
My beautiful daughters, Mali and Shannon, who have sacrificed so much,
but will benefit so much more when all of this is over.
My parents and parents-in-law who were always there to listen to me and
celebrate with me as I successfully completed each class.
Elaine Fredrickson, principal, mentor, and friend, who has always been my
inspiration, and if it wasn't for her, I probably would not have pursued this
direction in my career.
Dr. Jack McPherson, PhD., who has given his time to guide me through
the project and answer my unending questions.
Mere words cannot express my gratitude for all of the support these
wonderful people have given me.
Stacy S. Murphy
April, 2002

.J

CHAPTER 1

BACKGROUNDOFTHEPROJECT

Introduction

Middle-grade students are drawn toward mathematics
if they find both challenge and support in the mathematics
classroom. Students acquire an appreciation for, and develop
an understanding of, mathematical ideas if they have frequent
encounters with interesting, challenging problems. During this
time many students will solidify conceptions about themselves
as learners of mathematics - about their competence, their
attitude, and their interest and motivation. (Principles and
Standards for School Mathematics, 2000, p. 211.)

As noted in the quote from Principles and Standards for School
Mathematics, 2000, middle-grade students, grades six, seven, and eight, are at
an age where they need to find interesting challenges in mathematics. Students
learn to appreciate the concepts and processes of mathematics when they
connect to ideas that interest students of this age. In addition, middle-grade
students are varied in their developmental process. Therefore, teachers are
faced with the daily challenges of trying to meet the multitude of developmental
stages as well as finding ways to have mathematics appeal to their students.
Mokras, Russell, and Economopoulos (1995) stated that when tested,
students did well on problems they recognized and that had been practiced a
great deal. Problems arose when students had to think through a format they did
not recognize. Employers are now looking for employees who can look at an
unfamiliar problem and think of several different ways to solve it. Being strong in

mathematics skills is no longer measured just by the facts and formulas that have
been memorized, but how a person can work their way through a problem to find
a reasonable solution.

Purpose of the Project

The purpose of this project was to develop a model Mathematics Thinking
Skills Curriculum for Elizabeth Blackwell Elementary in Sammamish,
Washington, in the Lake Washington School District, aimed at sixth grade
mathematics classrooms. To accomplish this purpose, a review of related
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literature and research was conducted and utilized to develop unit and lesson
plans tor a model mathematics thinking skills curriculum.

Limitations of the Project

For the purposes of this project, the following limitations were identified:

1.

Research: Research and literature reviewed tor this project was limited to
1990 publishing date or later.
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2.

Scope: The Model Mathematics Thinking Skills Curriculum was designed
for implementation by teachers of sixth grade students at Elizabeth
Blackwell Elementary School in the Lake Washington School District.

3.

Target Population : The Model Mathematics Thinking Skills Curriculum
was designed for use by sixth grade students at Elizabeth Blackwell
Elementary School in the Lake Washington School District.

Definition of Terms

Significant terms used in the context of this project have been defined as

)

follows :

1.

Algebra: Relations among quantities, functions, and the analysis of
change. (NCTM, 2000).

2.

Assessment: Vehicles for gathering information about students'
achievement. This can include traditional tests and quizzes, performance
tasks, teacher observation, and self- and peer- assessment. (Marzano,
2000).

3.

Communication: Listening, speaking, and writing to share understanding
and clarify meaning. Through communication ideas become objects of
reflection and clarification. (NCTM, 2000).
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4.

Data Analysis: Using information collected to solve problems. Students in
middle grades should be able to use data collected by others to analyze
the effectiveness of the information. (NCTM, 2000).

5.

Evaluation: The process of making judgments about the level of students'
understanding or performance. (Marzano, 2000).

6.

Geometry: The study of shapes and structures, including spatial
visualization. (NCTM, 2000).

7.

Infer: A skill of drawing conclusions based on interpretation of data. This
can also be known as informed guessing, or conjecture. (Burns, 1992,
and NCTM, 2000).

8.

Mathematics: A language and science of patterns. This creates a means
for describing the world in which we live, using a universal language for
communication. It provides a mode of inquiry that reveals fundamental
understandings about order in our world. (OSPI, 2001 ).

9.

Measurement: The assignment of a numerical value to an attribute of an
object. These values are based on an explicit set of rules, determining
how the measurement will be made. (NCTM, 2000, and Marzano, (2000).

1o.

Number sense: The concepts and procedures involving numbers and
numeration, computation, and estimation. (OSPI, 2001 ).
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11 .

Observation: A way to gather information by using watching, listening,
and reading. Information may be gathered from pictures, diagrams,
physical models, oral narratives, and symbolic representations. (OSPI,
2001).

12.

Probability: A way to measure the uncertainty from statistics. It provides
the likelihood of an event occurring. (Burns, 1992).

13.

Problem solving: Engaging in a task for which the method of solving is not
known in advance. Problem solving is an integral part of mathematics and
should not be treated as a separate entity. (NCTM, 2000).

14.

Proof: An adequate explanation to support mathematical arguments,
justify results, and check for the reasonableness of solutions. (OSPI,
2001 ).

15.

Reasoning: Developing ideas, exploring phenomena, justifying results,
and using mathematical conjectures to see that mathematics makes
sense. Reasoning is an integral part of mathematics. (NCTM, 2000)

16.

Statistics: The science or study of data. The study of statistics requires
collecting, sorting, representing, analyzing, and interpreting information.
(Burns, 1992).

17.

Thinking skills: Skills such as observing, evaluating, proof, reasoning, and
problem solving to investigate mathematical situations. These skills offer
a strong student voice in planning and solving. (Zemelman, Daniels, and
Hyde, 1998).
5
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CHAPTER 2

A REVIEW OF RELATED LITERATURE AND INFORMATION OBTAINED
FROM SELECTED SOURCES

Introduction

The review of research, literature, and information related to the Model
Mathematics Thinking Skills Curriculum presented in Chapter Two has been
organized to address the following:

)

1.

The Need for a Thinking Skills-Based Math Curriculum

2.

The Thinking Skills of Mathematics

3.

Best Practices in Teaching Mathematics

4.

Learning Mathematics

5.

Washington State Essential Academic Learning Requirements

6.

Assessment

7.

Summary

The research addressed in Chapter Two was identified through
Educational Resources Information Center computer search and Internet
computer searches.
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The Need for a Thinking Skills-Based Mathematics Curriculum

National Council of Teachers of Mathematics (NCTM), in its Principles and
Standards for School Mathematics (2000), declared that since we live in a time
when change occurs so rapidly, there is a strong need to understand
mathematics in everyday life. This need will continue to increase. It is also
stated that students have not been learning the mathematics they need to meet
such a world of change. The reasons for this could be that students have not
had the opportunity to learn important mathematics, or that the curriculum
students have been learning is not engaging.
When the mathematics achievement of the United States was compared
to countries around the world, the Third International Mathematics and Science
Study (TIMSS, 1999) stated the overall achievement of United States eighth
grade students, as a whole, scored just above the international average. Within
the United States, the participating districts and consortia varied between well
above and well below the international average. Those that scored low also had
high percentages of students from low-income families, which may have been a
factor in their scores.
Of the 38 countries that participated in TIMSS, the United States and
Australia were the only two nations that did not have a national curriculum.
However, as of 1999, 49 of the 50 states in the United States had completed

7

state standards. The variation of standards among the states could also be a
factor in the varied achievement levels (TIMSS, 1999).
In a nationwide assessment given to fourth-, eighth-, and twelfth-graders,
by National Center for Education Statistics (NCES) in 2000 The National
Assessment of Educational Progress (NAEP) reported that scores for students
had increased overall since the first assessment year in 1990 (Braswell, et al.,
2001 ). In this assessment, five mathematics content strands were measured:
number sense, properties, and operations; measurement; geometry and spatial
sense; data analysis, statistics, and probability; and algebra and functions.
Although the assessment scores were higher, students were not learning the
mathematical skills they needed to function in daily life. Through surveys, the
assessments found that students who felt that math was not mostly memorizing
facts and believed that there was more than one way to solve a problem scored
higher on the assessment than other students.
The most direct route to improving mathematics achievement has been to
improve the teaching in that area (National Commission on Mathematics and
Science Teaching, 2000). Teachers need to know and understand the material
they are teaching very well. Teachers have insisted that students can and will
learn through methods of inquiry, focusing on skills such as problem solving,
information gathering, sorting, classifying, predicting and testing. High-quality
teaching encourages students to question their own and other's work, and be
open to have their own work questioned by others.
8

The back -to-basics cry from critics of educational reform has kept
mathematics education at the level it has been for much of the twentieth century.
This is the same approach that these same critics learned to hate and fear as
they grew up. O'Brien (1999) claimed we have been at the basic level all along,
there is no need to "go back." Since the first International Study of Achievement
in Mathematics, published in 1967, children in the United States have scored
below the median in many studies, compared to other industrial nations. Critics
of current mathematics practices involving thinking skills, who claim the activitybased approaches are to blame for low test scores, have been uninformed about
the pace of change in American education. They have not waited for the effects
of the changing approaches to take place.
Battista (1999) explained that those who have attempted to return schools
to the "basics" failed to acknowledge the downfalls of traditional teaching
methods. It is unlikely American citizens would want medical professionals to
treat illnesses with methods from ten, twenty, or thirty years ago. Battista went
on to state that the lack of knowledge of mathematics, and of research which
showed how children learned mathematics, was an impediment that held many
adults in the frame of mind that mathematics was difficult.

9

The Thinking and Process Skills of Mathematics

Problem Solving has been an integral part of the mathematics curriculum
(National Council of Teachers of Mathematics, 2000). Teachers need to provide
time in their mathematics classes for students to grapple with various types of
problems posed in all mathematics strands, search for strategies and solutions
on their own, and learn to evaluate their own results (Burns, 1992).
When teachers were faced the challenge of taking more than one math
period to solve a single problem, sometimes a week or more, their initial
response has been discomfort, and sometimes guilt in not covering a lot of
material. As students were introduced to a wide variety of tools, such as multiple
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strategies, manipulatives, and calculators, then presented with various types of
problems, they learned to work their way through the problems (Mikusa, 1998).
Like their teacher's anxiety to approaching this change, students' first instinct
was to ask to be shown how to solve the problem. The more teachers
encouraged and questioned students about the problem, the stronger problem
solvers they became.
As educators, we have wanted students to be able to apply their learning
in school to life outside of school and to make their outside-of-school life
applicable to what they learned in school (Verzoni, 1997). When involving
students in posing problems, they naturally included extraneous information,
which complements everyday life quite well since people are faced with problems
10

daily that contain information that must be waded through in order to get to the
helpful information. Students need to be able to apply reasoning skills in solving
problems in order to learn what is necessary to reach a reasonable and accurate
solution.
Proof has been an important part of the process of reasoning (Fitzgerald,
1996). As students developed their skills in reasoning and proof, they were
working at the highest levels of Bloom's Taxonomy of synthesis and evaluation.
Reasoning is not a new idea; education reports from the 1920s, 1940s, and
1950s stressed the importance of reasoning. It has just been recently that
reasoning is important in all areas of mathematics, not just the higher-level
mathematics. Teachers at all levels need to be providing reasoning opportunities
with their students, keeping in mind that the reasoning is the child's, not the
adult's.
Turner, Styers, and Daggs (1997) suggested that challenging activities
promote qualitative understanding, allow students to reason by struggling
through their thinking, and encourage students to select appropriate problem
solving strategies. Students did all this and ended up learning more than if they
had been shown the strategy or algorithm prior to solving the problem. Students
need to be allowed to find out that mathematics isn't always connected with a
specific application. An example was when students discovered that a fraction
could represent parts of a group as well as part of a single item. Learning in this
context happened when the teacher became a participant rather than a leader.
11

Stiggins (1998) outlined six facets of understanding that connected to the
thinking skills and processes used in mathematics. The first facet, explanation,
involved sophisticated and justifiable explanations of events, actions, and ideas.
Students need to be given assignments and assessments requiring appropriate
explanation before teachers can conclude that the student understands the
concept. Interpretation, the object of understanding, was the second facet. The
act of interpreting involves taking information in its original form and translating it
into information that is accurate and helpful to the student. The third facet,
application, connects one's own ideas and understanding to context. The
implications for this facet are great in mathematics, in that students are able to
connect concepts learned in mathematics class to other subject areas and to the
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"real world." The fourth facet of perspective has become important in
mathematics in that it forces students to ask themselves questions. Are they
"done" with a problem? When others read their explanations will it make sense?
Empathy, the fifth facet of understanding, is a learned ability to view the world
from someone else's point of view. It is a more difficult concept for young
children to develop, but can be learned with regular practice. The sixth facet was
self-knowledge. This is the ability to know when one does and does not
understand. It involves metacognition, the ability to understand one's own
thinking.
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Best Practices in Teaching Mathematics

The characteristics of Best Practice (Zemelman, Daniels, and Hyde, 1998)
outlined important practices that were interrelated. These practices have been
embedded in the Standards of the National Council of Teachers of Mathematics
(NCTM, 2000) and are outlined as follows:
1.

Through the true understanding of mathematical concepts, students

develop mathematical power. Teachers encourage and model mathematical
thinking and use mathematical ideas. This helps them arrive at the belief that
mathematics makes sense.
2.

Teaching for mathematical power requires teaching strategies that

increase the curiosity of students. The desire to solve problems becomes natural
and students need to be encouraged to develop and solve problems all around
them.
3.

The understanding of mathematical ideas is far more important than the

number of skills they acquire. Teachers promote this by offering mathematical
activities that get students actively involved in solving the problems. When
students truly understand mathematics, they are more likely to voluntarily engage
in mathematical thinking.
4.

Mathematics needs to be taught in an integrated setting. It is important

that students understand that mathematics is not an isolated set of facts, but is
all throughout life.
13

5.

Problem solving fosters the growth of mathematical power. Strategies

learned throughout mathematics are applied to the solving of many problems.
6.

Students need to be given the opportunity to communicate about their

learning. This allows others to learn new strategies and develops further
understanding of the problems. Communication can be written, verbal, or a
combination.
7.

Reasoning allows students to think about their learning and relate it to

others' learning. Reasoning allows students to defend their thinking and their
work, which also helps them see where mistakes in their own thinking might have
taken place.
8.

}

Numbers, operations, and computation need to be applied broadly, not

just as an isolated set of mathematics.
9.

Experimenting with geometry and measurement allows students to apply

their skills and knowledge in a more real-world type setting.
10.

Statistics, data, and probability are best learned when applied to real life

settings. When students are involved in surveys and collection of data, the
information makes more sense to them.
11.

Teachers need to use forms of assessment and evaluation to help them

understand what their students understand in mathematical concepts.
These practices have been practical at all grade levels of mathematics,
not just at the elementary level. These practices seem to occur more at the
elementary level than secondary.
14
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Learning Mathematics

Since the initial publication of the NCTM Standards in 1989, and its
subsequent publications up through 2000, changes have taken place in
American classrooms. The Standards have challenged educators to shift the
emphasis of teaching to problem solving, reasoning, communicating, and making
connections with what students are learning. Students in math classes of all
ages are now talking mathematically, writing mathematically, and applying what
they learn to other content areas in school and life. (Mokros, Russell, and
Economopolous, 1995).
Crawford and Witte (1999) outlined five common attributes, which were
observable in the constructivist classroom, a classroom where students take the
)
lead in their learning. These five attributes were relating, experiencing, applying,
cooperating, and transferring. Although the classrooms were constructivist in
theory, the teachers held high expectations that students would work in these
conditions. Mokros, Russell, and Economopolous (1995) went on to explain that
the expectations of the behaviors of students in a constructivist classroom are
learned over time.
Burns (1992) held to the belief that teaching computation skills before
problem solving is a backward way to teach. Looking for the magic words of
"altogether" or "how many more" to determine the process to use has not been
helpful when faced with problems. There may be more than one way to solve the
15
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and students need to be able to make sense of the problem before trying to solve
it. Traditional word problems as the sole basis of problem solving has not taught
the students to problem solve. In "real-life" problems are not clean cut, giving all
the necessary information and not giving extra information. It is important to give
students the practice of solving problems that may take thinking and reasoning.
The Connected Mathematics Project (CMP) (Lappan, Fey, Fitzgerald,
Friel, and Phillips, 1996), a mathematics curriculum based on NCTM Standards,
develops strong student "knowledge and understanding of mathematics that is
rich in connections ... " These connections branch into other subject areas, other
mathematics strands, other grade level mathematics, and the outside world. The
development of the curriculum was based on learning mathematics strands
through problem solving, problems that were interesting, fun, and promoted
thinking. Teachers are encouraged to let students grapple with the problems,
talk with each other about possible ways to solve the problems, and their
solutions.
Goldenberg (1996) stressed that without familiarity of mathematics content
and facts, one will not be able to recognize the features of a problem to be able
to solve it. It has been important to spend time learning facts and formulas, but
now is also important that teachers allow students to learn to apply the formulas
in a variety of problem solving situations. Students need to see where math
interconnects with other curriculum areas and math strands.
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Maintaining a balance between conceptual development and skills has
been a challenge for teachers (Reys, 1998). Teachers have wanted students to
be able to compute accurately, but students needed to know how to work through
a problem and understand what they were doing.
As Clarke (1998) and Christina (1998) demonstrated through real-life
problems in mathematics classes, students could understand, and get very
excited about, mathematics when approached with a topic they related to. Their
approaches to problem solving involved topics that appealed to students as well
as themselves. In Clarke's example, comparisons were made between ratios
and percentages and why each was important in measuring distances.
Christina's example, Building a Teenage Dance Club, appealed to the students'
interests and was integrated throughout other curriculum areas.

}
Yet, another struggle educators have faced with the reform of
mathematics is getting parents to view mathematics from a perspective other
than the traditional way they grew up with. The University of Missouri
Mathematics Teachers Organization, an affiliation of NCTM, is a group of college
students training to be mathematics teachers. This group held a community
math fair entitled, "Math is FUNctional," as a way to serve the community and
students and demonstrate some of the activities that make learning mathematics
fun (Reys & Wasman, 1998). The community support was strong and it allowed
students to demonstrate to parents the various ways they go about solving
problems.
17

Washington State Essential Academic Learning Requirements
and National Standards

Mathematics has continued to grow at a rapid rate, creating more
professional fields for adults to work in. To keep up with the rapid growth and
rate of change, the way mathematics is taught in the classroom has to change
(OSPI, 2001 ). Students of today are required to go far beyond the mathematics
knowledge of students in the past. All students need a deeper understanding of
mathematics, which means mathematics needs to be taught in a problem solving
approach. As a guide to reach these skills, the Office of Superintendent of Public
Instruction developed a set of Essential Academic Learning Requirements
(EALRs) that need to be taught in the schools in the state of Washington. These
skills are then tested at the fourth, seventh, and tenth grade years with the
Washington Assessment of Student Learning (WASL).
The standards are as follows:
1.

The student understands and applies the concepts and procedures of

mathematics.
2.

The student uses mathematics to define and solve problems.

3.

The student uses mathematical reasoning.

4.

The student communicates knowledge and understanding in both

everyday and mathematical language.
5.

The student understands how mathematical ideas connect within
18

mathematics, to other subject areas, and to real-life situations.
Within each standard is a set of objectives for the teacher to guide the students
through in order to complete the standard.
In response to the 1999 Third International Math and Science Study
(Mullis, et al. 2000), the National Council of Teachers of Mathematics revised
their previous publications of Standards and developed Principles and Standards
for School Mathematics .(NCTM, 2000). The standards in this document, and its
predecessors, have guided many states in the United States in the development
of their standards. This document, along with the Washington State EALRs,
helped guide the Lake Washington School District in the development and the
continued revising of the Student Profile Curriculum Framework.
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The content standards as outlined in NCTM's Principles and Standards
were number and operations, algebra, geometry, measurement, data analysis
and probability. The process standards, which highlight the ways of achieving
the content standards, were problem solving, reasoning and proof,
communication, connections, and representation. The process standards
incorporate thinking skills in solving mathematical problems.
Many curriculum developers have been creating programs that claim they
meet the standards as outlined in the NCTM publication of Principles and
Standards. Goldsmith and Mark (1999) described characteristics that could help
educators distinguish between programs that are more constructivist-based and
those that lean more toward traditional approaches. Content focus is not only on
19

skill development, but also supports and builds upon students' abilities to
hypothesize, predict, observe, and reason.
As new math programs and materials have emerged, textbook selection
committees must set criteria based on national, state, and local standards. Kuln
(1999) cautioned that publishers will tell you their curriculum is based on
standards. It is not always advisable to take a publisher's word about meeting
standards. A system needs to be set to make the determination of standardsmatching curriculum.

Assessment

American education has long been about covering as much material in as
short of time possible. This approach has led to shallow learning (Fuchs, Fuchs,
Karns, Hamlett, and Katzaroff), leaving little time for in-depth exploration.
Traditional tests, assessing isolated bits of information in multiple-choice formats
have driven curriculum decisions. Mathematics reform movements focus more
on the integration and application of mathematics problem solving techniques,
skills traditional tests have not assessed. Performance assessments test more
real-life dilemmas and may encourage teachers not to feel pressured about the
quantity of topics covered, but more the quality of exposure to situations.
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As classroom mathematics education started to make the shift to meet the
National Council of Teachers of Mathematics Standards, so have the
assessment practices begun to change (Schulman, 1996). The assessments
could no longer be limited to paper-pencil end-of-chapter tests. Assessment
must be on-going, supportive to learning, and informative to teachers as to what
they are teaching and how students are learning. Regular classroom work needs
to be part of the assessment process. Desired outcomes are outlined, and then
the assessment is created to fit the outcomes. The desired outcomes and
expectations are shared with students.
Schulman (1996) suggested a variety of strategies for documenting
student learning. Teachers can use open-ended questions, observations,
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interviews, self- and peer-assessments, journals, and portfolios, all of which are
on-going forms of assessments. Pre- and post-assessments give a clear picture
of students' growth from the beginning to the end of a unit. Documenting data of
student's growth can prove to be a challenge to teachers, but Schulman offers a
variety of strategies for documenting. The use of rubrics and anecdotal records
gives teachers the ability to have data at their fingertips.
As Carroll (1998) pointed out, assessments that elicit writing, diagrams,
and pictures give teachers a better idea of how, and if, students are
understanding the mathematics concepts. These longer answers that students
produced required deeper investigating and thinking. The struggle teachers will
find with this is the activities are more difficult to correct, so creating a rubric for
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the written responses is extremely helpful. Rubrics should be created to match
the complexity of the problem. Most rubrics range from three- to five-point
rubrics. Rubrics also involve students in the assessment process, and assists in
helping them make their answers more clear, especially when given the rubrics
ahead of time so they know what is expected of them.
Of the research findings and recommendations outlined by Grouws and
Cebulla (2000a and 2000b), they found that when teaching for meaning, students
achieve better initial learning and are able to retain information longer. Teachers
could accomplish this by demonstrating how mathematical skills and concepts
are interrelated. Another finding was that students are able to learn skills and
concepts while solving problems. It was not necessary for teachers to focus on
the skill before solving the problem. One more element of their research is that
whole group discussions were necessary after individual and small group work.
This allowed students to hear and see a variety of explanations. Students may
accomplish this by giving presentations, demonstrations, and leading class
discussions. Teachers can encourage whole group discussions by staying out of
the discussion and allowing the students to ask each other the probing questions.
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Summary

The research and literature summarized in Chapter 2 support the following
themes:
1.

The need for a thinking skills based curriculum has become stronger than

ever due to the technological advances in the American workforce and the need
for deeper thinkers and flexible problem solving situations.
2.

Problem solving has become an integral part of mathematics and is a

necessary skill in the real world.
3.

Best practices in mathematics teaching included the integration of

mathematics skills and concepts into other parts of the academic day so students
can see the interconnectedness mathematics has with other areas of life.
4.

When learning mathematics, it has become important for the teacher to

guide students rather than being the one with the answers.
5.

Washington Essential Academic Learning Requirements have mandated

curriculum decisions in mathematics.
6.

With the change in curriculum procedures, so too must the forms of

assessment change to meet the requirements of mathematics taught in the
classroom.

23
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mathematics were not effective and students did not enjoy math. It was then that
the writer started looking for ways to change the methods of teaching
mathematics.
2.

After enrolling in a course through the staff development department in

Lake Washington School District, called Developing Mathematical Ideas
Seminar, it became clear that the writer had found the philosophy of teaching
mathematics that she was looking for.
3.

The writer has used thinking skill approaches to solving mathematics for

children in grades two, four, five and six, and has found the approach similarly
effective in all grades. Students enjoy having the opportunity to discuss and
share their thinking and were able to connect their learning to other areas.
4.

The writer has incorporated more thinking skills in all areas of

mathematics, not teaching each strand as an individual strand, but more as a
braided rope, integrating the various concepts. As students had more practice
with these skills, more connections were being made.
5.

Undertaking the project coincided with the writer's graduate studies in

Educational Administration at Central Washington University.
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CHAPTER 3
PROCEDURES OF THE PROJECT

The purpose of this project was to develop a model Mathematics Thinking
Skills Curriculum for Elizabeth Blackwell Elementary in Sammamish,
Washington, in the Lake Washington School District, aimed at sixth grade
mathematics classrooms. To accomplish this purpose, a review of related
literature and research was conducted and utilized to develop unit and lesson
plans for a model mathematics thinking skills curriculum.
Chapter 3 contains background information detailing:
1.

Need for the Project

2.

Development of Support

3.

Procedures

4.

Planned Implementation and Assessment of the Project

Need for the Project

The need for the project was influenced by the following considerations:
1.

The writer, Stacy S. Murphy, a certificated elementary education teacher,

had seventeen years experience teaching grades Kindergarten through sixth
grade, with the majority of her experience teaching fifth and sixth grades. During
her years of teaching, it was noticed that the traditional ways of teaching

Development of Support for the Project

The development of support for the project was received by the following:
1.

The writer took Developing Mathematical Ideas (DMI) Seminars. She

became part of a group of people selected to train others in the DMI methods.
2.

The writer connected with Staff Development Specialists in the Lake

Washington School District.
3.

Information was obtained from other sixth grade mathematics teachers in

the Lake Washington School District, and several involved in the regional DMI
groups.

Procedures

Research information was identified through Educational Resources
Information Center computer search and Internet computer searches.
Additionally, information was obtained from the following sources:
1.

Staff Development Specialists in the Lake Washington School District.

This included trainers in DMI who taught in the district as well.
2.

Phone calls made to various colleagues with the same interests.

3.

Professional journals supporting the use of thinking skills in mathematics.
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Planned Implementation and Assessment of the Project

The Mathematics Thinking Skills curriculum was designed for use by sixth
grade teachers and students at Elizabeth Blackwell Elementary in Sammamish,
Washington. The implementation of this project will take place over the course of
a year, serving as an enrichment program to supplement the adopted
mathematics materials used by the school district. Regular observations of
students' attitudes and experiences will be made as part of the assessment of
the program. Regular surveys will be taken to gather information needed to
assess the project. Teacher and student recommendations will be sought
concerning the instruction of materials and the appropriateness of content.
Information gathered may influence the modification of the project as needed to
suit the needs of students and teachers.
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CHAPTER 4

THE PROJECT

The Model Mathematics Thinking Skills Curriculum for Elizabeth Blackwell
Elementary School In Sammamish, Washington, which is the subject of this
project, is presented in five instructional units in Chapter 4, including:

)

Unit 1:

Introduction

Unit 2:

Number and Operations

Unit 3:

Data and Probability

Unit 4:

Measurement

Unit 5:

Geometry

A Model Mathematics Thinking Skills Curriculum
for Elizabeth Blackwell Elementary School
in Sammamish, Washington in the
Lake Washington School District

By

Stacy S. Murphy

Central Washington University
April, 2002
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UNIT ONE

)

Introduction

The project of a mathematics thinking skills curriculum is based on the
increasing need for students to be able to apply what they learn in the classroom
to what they experience in everyday life. The goals and perspectives of the
project focus on the thinking of mathematics and making connections.
With the ever-growing need for students to improve their mathematical
skills, to be competitive in the international circles, and increase test scores,
students need to know how to think flexibly to solve problems. As a result of the
advancement in technology, access to information is much easier than it was
even a decade ago. The skills students develop in their elementary school years
will benefit them as they extrapolate important and necessary information from
everyday problems.
The project is designed for students in sixth grade at Elizabeth Blackwell
Elementary. The goals and objectives, stated as guiding questions, are based
on the Lake Washington School District Student Profile Curriculum Framework.
The activities are motivating to children in the sixth grade as they connect with
activities the students enjoy. The activities connect with other subject areas as
well as real life applications. The project consists of five units: introduction, data
and probability, number and operations, measurement, and geometry.
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Data and Probability

Unit Overview

In this unit, students will gather data about plants and gardens. Through
this collection of data, they will determine which plants would grow best in a
botanical garden on the campus of Elizabeth Blackwell Elementary School. They
will find out which plants will grow best in sun and in shade by experimenting by

using hands-on activities involving plants.

Objectives of Lesson Plans

The student will be able to ...
-understand that data collection and analysis can be used to predict
outcomes, solve problems, and make decisions.
-understand that probability supports predictions, drawing conclusions,
and solving problems.
-extend an investigation by posing an alternative condition.
-collect, organize, and display data using appropriate graphs.
-identify effects of outliers on mean and median.
-compute mean, median, mode, and range to describe data.
P6

Learning Activities
Learning activities will be designed in accordance with the unit student
learning objectives. The activities include ...
-planting sunflower seeds in peat pots. Each student gets three seeds
and three peat pots.
-placing one in the sun, two in the shade. The plant in the sun and one
shade plant gets water everyday, the second shade plant gets water every
other day.
-observation journal, record appearance and describe conditions of each
plant.
-predicting the probability of the growth rates of each plant.
-observing everyday, recording any changes,
-recording data on coordinate graph, recording height and breadth of
plant.
-recording class data on day ten.
-determining mean, median, mode, and range of data. Discuss outliers.
-discussing growth patterns of all plants and connect information with the
growth conditions.
-inferring which conditions allow for best growth habits.
-discussing with class the differences in the growth conditions and
patterns.
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Teaching Strategies

Teaching strategies include ...
-modeling planting and watering.
-use of loupes for observations.
-direct discussion.
-small group discussion and sharing of outcomes.
-whole class discussion and sharing of outcomes.
-individual work, journal activities.

Instructional Materials

)
Resources include:
Lake Washington School District #414. (2000). Student profile curriculum
framework. Redmond, WA: Lake Washington School District.
Lappan, G., Fey, J. T., Fitzgerald, W. M., Friel, S., & Phillips, E. D. (1998).
Data about us. White Plains, NY: Dale Seymour Publications.
Marzano, R. J., (2000). Transforming classroom grading. Alexandria, VA:
Association for Supervision and Curriculum Development.

PS

Student Assessment

For this unit, students will be assessed by the following methods .. .
-self-assessment,
-peer assessment.
-teacher observation.
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UNIT THREE

Unit Three

Number and Operations
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Number and Operations

Unit Overview

In this unit students will be working with information gathered from plant
growth information. Using various activities and thinking and process skills of
investigating and communicating, students will apply what they learn about
working with whole numbers, rounding, estimating, and ratios. Using these
mathematics skills, the students will gain an understanding of how mathematics
can be used in areas of school and everyday life, not just during mathematics
class. They will compare information with each other to be able to apply
knowledge outside their own experiences.

Objectives of Lesson Plans

The student will be able to ...
-describe, understand, and communicate about daily life in order to solve
problems and make decisions.
-discover what mathematics reveals about daily life.
-understand what situations require the use of mathematical
understandings.
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-formulate questions.
-organize and analyze relevant information.
-work with others to complete tasks using mathematics.
-know when to add, subtract, multiply, or divide whole numbers.
-determine and justify reasonableness of answers by estimating results
prior to computation.
-rounding large numbers to nearest hundred or thousand for better
understanding of numbers.

Learning Activities

Learning activities will be designed in accordance with the unit student
learning objectives. The activities include ...
-measuring the growth and change of growth in the plants,
-converting the measurement from a whole number to a decimal and
fraction.
-formulating questions for each other based on information they know or
want to know about the growth of the plant.
-using questioning skills to compare and contrast the growth of the plants
under the different conditions.
-comparing and contrasting the growth of students plants to others.
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Teaching Strategies

Teaching strategies include:
-modeling conversion of whole numbers to decimals and fractions.
-making connections of whole-decimal-fractional numbers to everyday life.
-individual classwork.
-small group discussion.
-whole class demonstration and discussion.

Instructional Materials

Burns, M. (1992). About teaching mathematics: A K-8 resource.
Sausalito, CA: Math Solutions.
Lappan, G., Fey, J. T., Fitzgerald, W. M., Friel, S. & Phillips, E. D. (1996).
Prime Time. White Plains, NY: Dale Seymour Publications.
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Student Assessment

For this unit, students will be assessed by the following methods ...
-self-assessment.
-journals.
-peer assessment.
-teacher observation.
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Measurement
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Measurement

Unit Overview

In this unit, students will design a botanical garden to be created on the
school property. They will use problem solving strategies in locating a place to
plant the garden based on information about plants needs and what kinds of
conditions each garden are provides. Students will take measurements of the
garden space chosen and create a scale design of the garden.

Objectives of Lesson Plans

The student will be able to ...
-describe, understand, and communicate about the world.
-use measurement to quantify information about objects.
-understand how characteristics of the growth of plants influence the
choice of measurement strategies and tools.
-understand and explain how the precision required for a measurement
influences the choice and strategies of tools.
-learn how understanding and communication about measurement is used
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to solve problems and make decisions.
-organize and analyze relevant information.
-use appropriate tools, operations, and processes.
-make reasonable predictions of results.
-extend an investigation by posing an alternative condition.
-determine perimeter and area of selected garden spot.

Learning Activities

Learning activities will be designed in accordance with the unit student
learning objectives. The activities include ...
-observation in small groups of possible garden sites and measurement of
time of sun exposure and shade exposure.
-selecting the appropriate tool to measure perimeter and area of potential
garden sites.
-discussion as a whole class to compare and contrast the similarities and
differences of the sites.
-making recommendations based on needs and desires for a garden site.
-selecting a garden site.
-determine the correct tools for measurement and measure the perimeter
and area.
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-draw a scale representation of the garden, using centimeter grid paper,
determining the scale, and planning where plants will be.
-submit a written proposal about the design of the garden, describing the
constraints and containing reasonable explanations of the placement of
the plants.

Teaching Strategies

Teaching strategies include ...
-small group discussion.
-small group activities.
-individual work on design.
-whole class work in preparing garden and planting plants.
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Instructional Materials

Lappan, G., Fey, J. T., Fitzgerald, W. M., Friel, S., & Phillips, E. D. (1996).
Covering and Surrounding. White Plains, NY: Dale Seymour Publications.

Student Assessment

For this unit, students will be assessed using the following methods ...
-peer assessment.
-small group assessment.
-individual assignment.
-teacher observation.
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Unit Five

Geometry
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Geometry

Unit Overview

In this unit, students will work with the design of the planned botanical
garden. Students will be measuring angles of the garden as well as the angle of
the sun at various times of the day and season. Students will also design a bird
feeder/house using various geometric designs, and connecting what they know
about measurement.

Objectives of Lesson Plans

The student will be able to ...
-manipulate shapes and figures to create aesthetic and functional designs.
-understand how the characteristics of geometric shapes and figures
influence their use in aesthetic and functional designs.
-use scale drawings in problem solving and designs.
-explain mathematical ideas to diverse audiences using visual aids.
-identify and describe similar, congruent, and symmetric figures.
-identify number of degrees in various shapes.
P21

Learning Activities

Learning activities will be designed in accordance to unit student learning
objectives. The activities include ...
-measuring angles of corners of the garden.
-holding the protractor perpendicular to the ground and aligned with the
sun, use a pencil with the point at the center of the protractor and point it
directly at the sun. Record the angle of the sun.
-measuring the angle of the sun at the same time each day and compare
the angles as the season progresses.
-designing a bird feeder/bird house on grid paper. Use these constraints:
angled roof, walls, perch, area for feeder that can hold mesh to hold bird
seed, minimum of three different geometric shapes represented, scale.
-identify similar, congruent, and symmetric figures in design.
-measuring and recording angles on bird house.
-measuring length, width, height, and perimeter and record it.
-writing procedures about the construction of the bird house.
-optional building of bird house at home and bring it to school for
presentation and/or donation to the botanical garden.
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Teaching Strategies

Teaching strategies include ...
-small group work.
-direct instruction and modeling of measuring angles.
-whole class discussion and practice measuring angles.
-individual work.

Instructional Materials

Lappan, G., Fey, J. T., Fitzgerald, W. M., Friel, S., & Phillips, E. D. (1996) .
Shapes and Designs. White Plains, NY: Dale Seymour Publications.

Student Assessment

For this unit, students will be assessed by the following methods ...
-teacher observation.
-peer assessment.
-self assessment
-performance-if building a bird house.
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CHAPTER 5

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The purpose of this project was to develop a model Mathematics Thinking
Skills Curriculum for Elizabeth Blackwell Elementary in Sammamish,
Washington, in the Lake Washington School District, aimed at sixth grade
mathematics classrooms. To accomplish this purpose, a review of related
literature and research was conducted and utilized to develop unit and lesson
plans for a model mathematics thinking skills curriculum.

Conclusions

Conclusions reached as a result of this project were:
1.

The need for a thinking skills-based mathematics curriculum is
stronger than ever due to the technological advances and the need
for deeper thinkers and more flexible problem-solvers. Problem
solving is an integral part of everyday life.

2.

Students experience success in mathematics when it is integrated
throughout other subject area. They see the connectedness

mathematics has with everyday life. Mathematics is not meant to
be an isolated subject.
3.

Assessment practices need to change when the practice of
teaching mathematics changes. When the mathematics approach
moves more toward thinking, doing, and writing, teachers cannot
grade on a traditional grading system.

Recommendations

As a result of this project, the following recommendations have been
suggested :
1.

It is recommended that schools and school districts pursue a
curriculum that is rich in thinking and process skills. Problem
solving, reasoning, connecting, and communication are integral and
important elements to have in a curriculum.

2.

It is recommended that teachers integrate mathematics throughout
the day. Teachers can intentionally address where mathematics is
present until it becomes natural for the students to make those
connections on their own.

30

3.

It is recommended that teachers research rubric and other
alternative grading practices and apply those practices to their own
system.

4.

Schools seeking to develop a sixth grade mathematics thinking
skills curriculum may wish to adapt and utilize materials from this
project, or undertake further research in the field of mathematics
and thinking skills. Schools and individuals are also invited to
contact the author of this project for further information.
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